 This study blended recycled Kevlar fibers and PP fibers with 70:30 wt%:wt% and fabricated Kevlar/PP composite nonwoven using needle punching and hot processing processes. The hot pressing temperature was set as 160, 170 and 180℃, and un-hot-pressed composite nonwoven was considered as the control group. Kevlar fibers played as the reinforcing fibers. The tensile, tear, burst and constant-rate static puncture properties of composite nonwovens hot-pressed at different temperature were discussed. Result shows that, 170℃ hot pressing temperature exhibited the better mechanical performance and thus considered as the optimum processing condition.
INTRODUCTION
Fiber-reinforced composite effectively reduces the weight and improves the mechanical properties as compared to homogeneous materials. Puncture-resisting fabric has widely applied in the livelihood, including shop work clothes, stab-resistant gloves and medical worker [1] [2] [3] [4] . Policemen standing on the first line also require good bullet-resistant and stab-resistant fabrics to protect them from damages [5] [6] [7] [8] .
 Ting-Ting Li Kevlar extensively applies on the stab-resistant and bullet-resistant products [2, 9, 10] . It possesses the high strength and excellent mechanical properties, high chemical resistance and energy absorption capacity, and is commonly used for bullet-proof vest and protective clothes as well as high-performance transportation [11, 12] .
PP has a good mechanical property and is a low-cost plastic [13] . To satisfy the commercial demands, this study prepares Kevlar/PP needle-punched nonwoven using high-production and low-cost needle punching nonwoven technique [14] . Twin-roller presser is also used to thermally bond the intersections between webs and then form Kevlar/PP composite nonwoven. These thermal-bonding points reinforce the strength of nonwovens. Influence of hot pressing temperature on mechanical properties of Kevlar/PP composite nonwoven is discussed in terms of tensile, tear, burst and constant-rate puncture tests [15] .
EXPERIMENTAL Materials
Recycled Kevlar selvages in length of 50-60 mm were provided by Dupont Company, USA. PP fiber has a fineness of 3 D and length of 76 mm, offered by Far Eastern New Century Corp., Taiwan.
Experimental Procedure
Kevlar fibers and PP fibers in proportion of 70 ： 30wt% carried through nonwoven processing, and followed by roller hot pressing at temperatures of 160, 170, 180℃, a gap of 3 mm and a speed of 0.5 m/min. Areal weight of nonwoven was 370±20 g/m 2 , thickness was 4 mm before hot pressing and 3 mm after hot pressing. The tensile, tear, burst and constant-rate puncture properties of nonwovens hot-pressed at 160, 170, 180℃ were explored according to ASTM D5035-11, ASTM D4733, CNS 12915, and ASTM F1342-05 respectively. All these properties are conducted by Instron 5566 (Instron, USA). Tensile, tear, burst and puncture speeds are 305mm/min, 300mm/min, 100mm/min and 508 mm/min respectively. Composite nonwovens along machine direction (MD) and cross direction (CD) were measured respectively for tensile and tear tests. Figure 1 shows that tensile strength firstly increases with hot pressing temperature until 170℃ and decreases afterwards, while the blending ratio of fibers is constant. The reason is that thermal bonding points increases when hot pressing temperature increases, which reinforces the tensile strength of composite nonwovens; however, as a flexible extension material, excessive thermal bonding points become brittle fracture during tensile extension which cannot increase the tensile force of composite nonwovens. Tensile strength along CD presents the similar tendency to that along MD with hot pressing temperature, and the former is larger than the latter. This is because after carding and lapping processes, more fibers are plied along the CD leading to higher fiber entanglements and larger tensile force. Figure 2 shows that tearing strength improves with hot pressing temperature until 170℃, and then decreases when temperature is higher than 170℃. Tearing strength reserved 1 cm-length cutting before testing, and this rupture plane becomes the stress concentration. Tear test damage begins from the rupture plane. In the process of tearing test, nonwoven has toughness generating lager deformation, and bigger fracture energy is consumed. The number of thermal-bonding points increases with hot pressing temperature and thus rising tearing strength; but excessive bonding points generate brittle fracture which cannot effectively increase tearing strength of nonwovens. Tearing strength along CD presents not a different trend to that along MD. The difference between CD and MD is due to fiber orientation and then fiber entanglement. However, the entangled strength affects tearing strength not significantly. Figure 3 shows that static puncture resistance firstly increases until 170℃ with hot pressing temperature and then decreases. Hot pressing enhances the compactness and rigidity of composites and then improves the static puncture resistance; but too many thermal-bonding points change into brittle failure after quasi-static puncture test, and cannot increase the static puncture resistance of composite nonwovens. Figure 4 shows the burst strength increases with hot pressing temperature of less than 170℃ and then reduces when more than 170℃. During burst test, composite nonwoven can absorb energy by burst deformation. Hot pressing temperature rises and thermo-bonding point increases, which increases the burst strength; but when thermo-bonding points are excessive, composite nonwoven damages by brittle mode and burst strength cannot improve via deformation. 
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CONCLUSION
This experiment prepares Kevlar/PP nonwoven by nonwoven manufacture and then made into Kevlar/PP composite nonwoven after thermal treatment. The proportion of Kevlar/PP is 30 wt%/70 wt%. The hot pressing temperature is 160, 170, 180℃. The mechanical properties of composite nonwovens including tensile, tear, static puncture, and burst property are explored. Although composite hot-pressed at 180C has a compact structure, it cannot absorb energy via transformation. Experiment shows that 170C has the optimum processing condition, and burst strength and static puncture resistance of composite nonwoven are increased by 63% and 36 % compared to un-hot-pressed group; tensile and tear strength present more obvious increment, reaching 200% and 148%. This composite nonwoven not only plays role as fiber-reinforced composite separately but also as protective layers after combing with others.
